The basic auditory physiology of crickets, and particularly of Teleogryllus cornmodus (Walker) is examined and its behavior simulated by electrical analog networks, beginning from the simplest possible model and progressing by stages to the full system found in the real insect. It is found that the attenuation of sound in the auditory trachea plays a crucial role in the meclianism for directional hearing in even the simplest model and that the tracheal diameter is in fact appropriate to produce the desired attenuation. In a more complex model in which it is recognized that the auditory system probably responds to pressure changes in the tracheal sacs underlying the tympana rather than simply to tympanic motion, it is found that the phase shif• produced by the combined effects of the central septum and the adjoining cavities leading to the spiracles is also important to hearing directionality. The final model which includes both tympana and spiracles is able to simulate both the hearing directionality and, in part, the frequency selectivity of the system. It appears, however, that a large measure of the observed frequency selectivity is due to some form of selectivity in the neural transducers themselves rather than in the simple acoustic components of the system.
INTRODUCTION
The auditory anatomy and physiological response to sound in members of the cricket family (Gryllidae) have been the subjects of considerable detailed study particularly in recent years (Zeuner, 1963 In essence, the system of Fig. 2(a) is that discussed by Hill and Boyan (1976, 1977) . They observed that in their specimens of T. corn modus the tube length l is quite closely one-quarter of the sound wavelength X so that, they argued, for ipsilateral presentation to tympanum A(0 =0ø), the path length to the inside of A is 2l =X/2 and thus the inside pressure is out of phase with that outside, giving a maximum amplitude to the motion of the tympanum. For the contralateral ear B, on the other hand, the inside and outside pressures are in phase so that there is no pressure difference across the tympanum and hence no motion.
In order to make the model behave in the required manner it is necessary to introduce both the impedence of the tympana and, even more importantly, the sound attentuation in the narrow trachea.
The acoustic behavior of tympana, whether they be membranes under tension or, as is more appropriate in the present case, 
where Zo, which is nearly real, is the characteristic impedance of the tube and y = o +j/3 is the complex propagation constant. More explicitly, and to a sufficient approximation, 
P2 =P exp[jw(t -l cosO/c) ] , 
where the +sign applies to ipsilateral and the -sign to contralateral stimulation. Clearly, to achieve zero response in the contralateral ear we require an at- The directional response pattern predicted by (8) has also been calculated at various frequencies, though we shall not bother toplot ithere. The response has a cardfold pattern at frequencies close to 4000 Hz, and becomes more nearly nondirectional at lower and higher frequencies.
II. AN EXTENDED MODEL
In our simplified model we have tacitly assumed that motion of the tympanum is the important thing and that this motion is somehow converted into nerve impulses. However, a study of the anatomy of the auditory system (Young and Ball, 1974) 
at frequency a, and, by adding stiffness, effectively raise the resonance frequency of the tympanic system above its bare value w
We can now construct the electrical analog network for the auditory system as shown in Fig. 4(b) . Solution of the network is quite straight forward, but we shall not trouble to write this down since it turns out that it is not possible to achieve a null in the sac pressure for contralateral Stimulation. The system can, in fact, be made satisfactorily directional but the null in sac pres- The pressure response in the tympanic sac, on the other hand, shows strong directionality, amounting to rather more than 10 dB just above the song frequency, and an ipsilateral response that is sharply peaked near the song frequency. The peak ipsilateral sac pressure is about three times the external sound pressure, though the precise value of this excess depends to some extent on the assumed tympanic Q value. The variation of pressure respon.se with sound incidence angie be- Table II. • 30c 
